The overall aim of this research was to find a group of easy-to-access variables, that are measurable or assessable, and which help predict acoustic comfort in urban places, in order to make further progress in developing a soundscape indicator based on indices readily available in urban environments. Our main conceptual framework has been the Environmental Experience Model and the ISO of Soundscape, together with the most up-to-date information and technology, where parameters that influence the soundscape and comfort in urban public places have been identified. This work has been undertaken as part of the CITI-SENSE project. A viable technical and procedural solution was designed and tested in a field demonstration, where 53 people were engaged to provide 120 observations in the city of Vitoria-Gasteiz, using environmental sensors connected to a smartphone. The results were analysed and are discussed here with the aim of defining an indicator that permits an easy evaluation of acoustic comfort in urban places. The results presented in this article are considered a step forward in the development of a soundscape indicator based on indices readily available in urban environments. The limitations of the findings are also discussed, as are suggestions for further research.
Introduction
The aim of this research was to find easy-to-access variables that best explain the acoustic comfort people feel when they use open urban environments. It tries to contribute to the definition of an indicator of acoustic comfort for a place to be applied in studies about urban noise. A possible indicator of urban acoustic comfort is the pleasantness people associated with the sound in the local urban environment, i.e., the soundscape. We understand soundscape as being the perception of the sound environment by the people and communities that use the urban space. Therefore, to study urban acoustic comfort the focus of this work is the objective and objectifiable variables in the environment that best predict this experience, i.e., we focus on the concept of "place", a closely related concept that is integrated into what the ISO of soundscape calls "context" [1] .
In order to do this, the topics covered in this introduction are: the concepts of soundscape and acoustic comfort and the model of environmental experience from Herranz et al. [2] as a way of approaching soundscape study. Important within this is the study of the urban environment where it generates a particular sound environment, and which, when perceived by users, is transformed into soundscape. In our approach, this environment, what is known as 'place' in the previous model of environmental experience, includes both acoustic and, of course, nonacoustic variables.
Soundscape and acoustic comfort: concepts
Addressing acoustic comfort requires the adoption of a soundscape approach [3] . Acoustic comfort is a key part of the general public's environmental experience of urban places and, for this reason; it affects their enjoyment and use of these spaces. The user's perception of an area's soundscape determines their acoustic comfort in that place. In the field of acoustics it is not usual to centre on the concept of comfort. And when this does happen, a definition parallel to thermal comfort is used, considering it to be perception that comes through the sense of hearing [3] . In our comprehensive approach, we consider it more appropriate to focus on the concept of soundscape [4] [5] [6] [7] , a much more evolved concept that integrates both physical and perceptual perspectives. Because that, it is necessary to develop new cross-modal approaches to the apprehension of space, taking into account the complexity of the relationship between humans and the environment.
The standard ISO 12913-1 Acoustics -SoundscapePart 1: Definition and conceptual framework [1] , is based on the notion of "soundscape" as an acoustic analogy of "landscape", understanding it as a perceptual construct and a physical phenomenon. Additionally, there is evidence of interaction between the acoustic and visual attributes of a place [8] [9] [10] .
The soundscape can be understood as a perceptual construction. The literature distinguishes between the physical phenomenon (acoustic environment) and its perceptual construct (soundscape). The acoustic environment of a place is the sound from all sources that could be heard by someone in that place, and depends on the sources present, the location of the receiver, and the conditions along the propagation path. Each of these may vary from instant to instant, from day to night, and from season to season [11] . In contrast, the soundscape of a place is a person's perceptual construct of the acoustic environment of that place [11] . That is, the soundscape is defined as the way people perceive, experience, or understand the acoustic environment in a physical setting (place or context in the ISO).
The conceptual framework of the soundscape describes the process of perception, which is articulated around seven general concepts and relationships: 1) context, 2) sound sources, 3) acoustic environment, 4) auditory sensation, 5) interpretation of auditory sensation, 6) responses, and 7) results [5] .
The role of place: a conceptual model of environmental experience
The soundscape has the potential, within a particular place or context, to evoke responses in the individual and may result in outcomes that can be attributed to it. The perception of the soundscape, along with any responses and outcomes, are highly dependent on the context [11] .
As Brown and collaborators said in the first chapter [11] of Soundscape and the Built Environment [5] , context is a generic term that includes all other non-acoustic components of a place (even a person's previous experience and memories), and plays a major role in a person's perceptual construction of a soundscape. They go on to say: "But that diagram was short on detail as to what those contextual components might be. Herranz-Pascual et al. (2010) have addressed this problem and situate environmental experience of sounds in public places firmly within an environmental people-activity-place framework" [11] .
In every environment-person relationship, a set of psychological and physiological mechanisms are triggered enabling us to gather and obtain information about the place. The sensations received are integrated into content and meaning units that enable us to recognise, compare or explore the environment. We experience sensations and emotions and we act accordingly by integrating personal motivations and interests. We appreciate environmental characteristics and social content arising from the place [12, 13] . In short, we have an environmental experience.
This model [2] combines a review of the latest research related to soundscape and Tecnalia's experience in psychosocial perception and assessment studies of urban environments (noise, thermal comfort, odour, soundscape, etc.). The first conclusion of this review is that the factors for studying soundscapes can be grouped into three main categories: context, person, and activities [14] . However, in order to include relevant interactions and increase clarity and simplicity (i.e., parsimony), our model is organised into five dimensions: person, place, person-place interaction, activity, and the environmental experience itself (see Figure 1 ). This conceptual framework will be used to identify the parameters that influence the soundscape in urban public spaces.
Although methods have been proposed for assessing soundscape, involving complex analyses of objective data representing the public's perception of an acoustic environment, the importance of previous experiences and relationships with the places, as well as the physical characteristics of the space, make it essential to gather users' real, in situ perceptions of spaces in order to assess the soundscape.
All the elements of the environment identified in the model of environmental experience influence soundscape and therefore all of them can, in this case, be considered the "context" or "place".
The "place", as defined in the model, is very influential in the integrated framework. The "place" and its elements may condition the activities that are developed in these spaces and therefore, the communities that will make use of them. This consideration is especially relevant when the analysed place belongs to the network of urban public spaces.
The major parts of the elements that define a "place" have a transversal character: aesthetic, acoustic and so on. The challenge here is to identify the relative importance of each of these features in order to identify which variables have greater influence and are more relevant when describing the experience that citizens and visitors have in their interaction with a space and its sound, and therefore should be prioritised when constructing an acoustic comfort indicator, as discussed below.
It is also necessary to draw up a new version of the model that includes the social content characterising each of the places and which also determines people's experiences of places.
Soundscape: highlighting the context or place
The perception of environmental sound in a specific place (soundscape) is defined, not only considering the acoustic aspects, aspects, but also aesthetics, climatic factors, that is named by "context" (in terms of soundscape ISO) and the interactions among their elements [2] . Nevertheless, community characteristics relating to cultural, social and personal aspects influence this acoustic perception and the linked environmental experience.
There is some interesting literature that highlights the importance of context or place that focuses on the relative importance of the different variables involved in the soundscape approach [1, 2, 5, 11, 15, 16] . The conclusions of these studies highlight the fact that elements related to visual dimension, safety, cleanness, and so on are more relevant in the general environmental place-experience, as they could have important relative significance, than the acoustic dimension and, in particular, when considering soundscape and quietness. There are many references that highlight the relevance of context or place in the soundscape approach (e.g., landscape [8, 10, 15, 16] , thermal conditions, maintenance, and cleanness), as well as the characteristics of the person or community (e.g., culture and personal characteristics), since these aspects have a remarkable influence on the perception process [2, 17, 18] .
There is increasing evidence that the congruence between the different elements of a place is important in human preference [19] , and also that these elements influence the expectations of the place [11] .
From an acoustician's point of view, many studies have focused on identifying the most relevant acoustic indicators for describing soundscape. L 50 and L 10 -L 90 parameters, psychoacoustic indices, and other aspects have been analysed. Combinations of these indicators and perception information have also been used to represent or evaluate soundscape (e.g., matrix charts, L Aeq with visual dimension, and scope) [20] . Currently, there is no scientific consensus on a common method for evaluating soundscape using acoustic parameters even though the concept is already defined [5] and there is greater scientific accord from the perception approach.
More recent analysis shows that urban soundscapes can be characterised by their soundmarks and that perceptions of these are dominated by acoustic comfort, visual images, and day lighting. Spatial impressions such as openness and density also emerged as variables in soundscape perception [21] .
As the soundscape concept deals with the perception of acoustic environments by communities [22] , perception is usually evaluated by distributing questionnaires to understand how citizens perceive urban spaces, such as semantic scales with descriptions of the acoustic environments [5] , and questions about the pleasantness of sound sources [23] . So, it has been recognised that the public must participate in the soundscape evaluation process [24] . In published studies, the information had to be post-processed in order to facilitate interpretation and make the data useful for decision-making purposes. Other studies identified three components of soundscape that explain the most significant part of the variance: pleasantness, eventfulness, and familiarity [18] .
Considering this framework, this paper analyses the contribution to the description and prediction of the acoustic comfort of an urban place of the following factors: physical variables of the place (including landscape), acoustic characteristics, sound source composition, and presence of sound events. This is the main purpose of this study as a previous step to define an acoustic comfort indicator.
The analytical method used is presented in the following section.
Methods
The method applied in this paper is based on the use of a tool that allows citizens to make on-site acoustic comfort assessments by simultaneously collecting objective and subjective measurements. The tool was developed by Tecnalia in the framework of the CITI-SENSE EU project¹. The overarching intention of this project is to develop "citizens' observatories" (CO) designed to empower citizens to contribute to and participate in environmental governance and enable them to support and influence community and societal priorities and the associated decision making [25, 26] . The CITI-SENSE project is based on three fundamental concepts: technological platforms for distributed monitoring, information and communication 1 CITI-SENSE is a FP VII EU co-funded project. CITI-SENSE started in October 2012 and lasts for a period of four years. The consortium is led by NILU (Norwegian Institute for Air Research) and comprises 27 partners from 11 European countries (Norway, the Netherlands, the Czech Republic, Spain, the UK, Austria, Italy, Belgium, Serbia, Belgium, and Slovenia) and 4 non-European partners. The consortium combines the expertise of research centres and companies that develop sensors and sensor devices. technologies (ICT), and societal involvement. The CO are intended to promote the citizens' contributions as active participation in environmental governance [27, 28] .
In this project Tecnalia has designed a tool to assess acoustic comfort based on a kit and protocol to measure sound levels and evaluate perception (using an embedded questionnaire that is filled in at the same time the measurement is done). The kit provides easily-interpretable data by combining the results of the two approaches (objective and subjective measurements) [29] .
The protocol determines how citizens can obtain simultaneous objective and subjective data on site. The observation combines an evaluation of acoustic indicators and a perceptual analysis of the acoustic environment. The combination of physical acoustic measurements and the perception of the soundscape enrich the assessment, and the tool collects pairs of objective and subjective data that increase the understanding of how places are perceived by users.
The data collection method corresponds roughly to that described in ISO 12913:2 on soundscape, which is still in draft form [30] .
The kit developed for making observations of urban comfort in the CITI-SENSE project involves the use of a smartphone [31] (with an internal service that allows it to act as a sonometer), as well as an external microphone protected with a wind screen, since the mobile's internal one has certain restrictions with regard to taking acoustic measurements outdoors (see Figure 3) .
A smartphone device was selected as the main element of the kit as it is currently the most common portable device available to citizens. The mobile application running on the smartphone (hereafter referred to as the app), guides the participant to make an "observation", by following a proposed experimental protocol.The app was designed to measure global L Aeq , 1sec levels, as several acous- tic indicators can be constructed from this parameter. As part of the measurement, the time history is registered and shown on the screen of the smartphone, as is the global average level LAeq, T , and the maximum and minimum L Aeq , 1sec levels during the measurement period. As well as this, the app detects noise events by applying a dynamic threshold principle, and when an event is detected it asks the participant to provide evaluations accordingly (e.g., pleasantness and type of noise source).
An acoustic event it is defined as a maximum in the registered signal. For that reason it has to be detected an increase and a decrease on the signal. In order to detect the event, noise levels equivalent to the previous and subsequent five seconds to the instant measurement time are calculated. A subtraction between each 5s equivalent noise level and the instant level is carried out, for defining the level of the upward and downward slope of the registered signal. Then, both levels are compared with a fixed threshold value. If both values are higher than 6.5 dB (fixed value) the event has been detected. The fixed threshold value was defined based on the expertise to identify events both in noisy or quiet environments.
The app processes the data measured (L Aeq,T , max L Aeq,1s , min L Aeq,1s , the number of events and predominant noise sources assessed as positive or negative by the person) to show the result of the evaluation on the screen, as soon as the observation is completed. The observers receive easily-interpretable feedback on their evaluation.
By post-processing the measured data, other acoustic parameters are calculated, such as L 10 , L 50 , L 90 , L 10 -L 90 , and the balance between positive and negative events. Finally, there are twelve acoustic parameters quantified per observation.
In a previous paper, Aspuru et al. [31] provided details of the methods and tools used for empowering citizens in the assessment of acoustic comfort in outdoor public spaces, analysing the accuracy of the values measured.
One of the most interesting aspects of this method for the purposes of this paper is the questionnaire designed to assess acoustic urban comfort that is deployed via the app.
Questionnaire
The Urban Comfort questionnaire applied in the CITI-SENSE project collects information from 100 variables structured into two parts. Those most relevant for the objectives of this article are the following:
1. General questions to be answered before any observations are made in the urban places. This section includes the following items:
• Personal factors (29 variables • Global experience and perception of the place: general perception of the place is measured by applying a semantic differential (SD) that contains items such as: pleasant, secure, wellmaintenance, natural, tranquil and warm (5 point scale). SD is defined according to general criteria [32] . The participant is also asked about what they like most and least about the place, and they can upload photos of the urban elements that influence their perception. There are also questions about global acoustic and thermal comfort at the time of the observation, and perceived emotions and level of stress at the beginning and end of the experience. Finally, there are questions on certain specific variables in order to find out what type of activities they would carry out in the area, for instance if they would use the place for relaxing in.
• Sound environment perception or soundscape:
participants are asked about their perception and evaluation of the environmental sounds and the global acoustic atmosphere, as well as their evaluation of the congruence of the sounds with the urban place. The soundscape is evaluated using a SD [32] The architecture of the system that allows the data collected in the observations to be uploaded to a server to build a database is not described in this article [26] . The database contains sets of objective and subjective data collected simultaneously on site.
Case study
As part of the CITI-SENSE project, a demonstrative exercise was carried out in the city of Vitoria-Gasteiz (Spain), consisting of inviting citizens to conduct observations on the quality of four public spaces using the tool designed for collecting environmental data and also their perceptions of nine areas in those spaces.
The urban spaces which were evaluated are ( Figure 5 ):
• Calle Los Herran (bus station area): the city's central bus station was previously located in this space. The area is surrounded by high traffic flow roads and is close to a school. • Parque Salinillas de Buradón: this park is situated in a new urban area and is on a small hill, close to the city's green belt. At the moment, this park has no vegetation.
• Plaza de la Constitución: this public space is situated next to the northern entrance to the city. To the left of the square is a relatively green, calm street. Two of the spaces have urban characteristics (Los Herran and Constitución) and other two are more natural (Salinillas and Olarizu).
In each space, two separate areas were assigned, with the exception of Los Herran where three different areas were identified, as can be seen in Figure 5 . In total nine areas² were considered (represented by nine evaluation points).
A method was proposed for characterising each area, where a set of objective variables related to the quality of services and the diversity of the place were assessed, as 2 In this document the term "space" is used to mean the public spaces analysed in the study, "area" refers to the analysis units considered within these spaces, and "place" is reserved for the locations in general, where the environmental experiences were had.
well as the presence of green (GREEN), cultural (BROWN), and water (BLUE) elements, and their level of artificiality (GREY), together with the place's proportion of openness (% SKY). The maintenance, safety, presence of businesses (shops), traffic, facilities, and tall vegetation (trees) were also evaluated. This evaluation involved four levels: 1 low; 2 middle; 3 high; 0 not applicable. In addition, assessment was made of water, landmarks and heritage, using three gradations: 0 not present; 1 yes, it can be seen from the study area; 2 yes, it is part of the study area. A description of the nine areas of analysis in relation to their physical and landscape features are shown in Table 1 .
The nine areas display a great deal of homogeneity in terms of maintenance, which is generally high, the presence of water, landmarks and heritage. In contrast, they differ widely in terms of security, existence of facilities, traffic, economic activity, trees and green areas. These dif- (1) Evaluation: 1 low; 2 middle; 3 high; 0 not applicable.
(2) Presence: 0 not present; 1 yes, it can be seen from the study area; 2 yes, it is part of the study area.
ferences are also reflected in the characterisation of the settings in terms of greenness (% GREEN), water (% BLUE) and artificiality (%GREY), as well as the openness of the place (% SKY). This preliminary analysis seems to indicate the existence of a dichotomy dimension. This dimension was defined with urbanisation on one side and naturalness on the other. The four areas analysed in the study of urban comfort were ranked in the following way:
1. Los Herran, the most urbanised space 2. Constitución, an urbanised space 3. Salinillas, a natural space with sparse vegetation 4. Olarizu, the most natural space
Participation campaign
Participants were volunteers recruited from among the citizens of the city of Vitoria-Gasteiz, either through their participation in civic associations or by direct contact. The cri- teria for selecting participants were fixed by the team of Iritziak Batuz³. 20 volunteers were invited to an initial workshop. In this workshop the project was introduced and the participants received specific information about the tasks they would be asked to carry out relating to the observation of urban places. 53 people were ultimately engaged to make field observations in the four urban spaces selected in the city. They made a total of 153 observations (120 valid), Since the observational procedure is both crucial and complex, in order to assure that it is applied correctly during the demonstrative exercise, the participants were accompanied by a member of the team who guided them.
As it is said, simultaneous collection of objective and subjective data was taken on site. This means that the duration of the acoustic measurement is the duration of the experience that the person had at the places. The average duration of experiences was 12.45 minutes (sd = 6.76), with no significant differences between places. Experiences and, therefore, the objective and subjective measures were collected, typically, at the hours when places are most used, that is, between 10:00 and 13:00 in the morning and between 17:00 and 20:00 in the afternoon.
As it can be seen in Table 3 , there are no relevant social or demographic differences between the people observing each of the four spaces. Most of the differences between them are considered non-significant. This could be due to the small size of the sample. There is only a significant difference between spaces when considering residential area (χ 2 = 28.140; df = 15; P<0.05) and working situation (χ 2 = 24.138; df = 12; P<0.05), as shown in Table 3 .
It is therefore considered that in this case the composition of the participant group does not condition the analysis of the variables that influence the assessment of comfort levels made in the four selected spaces.
After the observations had been made, the participants were invited to a feedback workshop where the results attained were presented in terms of the evaluations of each observed urban space. In this workshop an experimental empowerment exercise was conducted where the 24 participants who attended identified the most valuable elements of the spaces and made suggestions as to how the spaces could be improved. The attendees positively assessed the overall experience as well as the tool designed to evaluate environmental quality in urban spaces.
Results
The main objective of this research was to discover the easy-access variables (objectives and objectifiable criteria) that best explain acoustic comfort in urban places. The questionnaire used in CITI-SENSE has two indices related to this:
1. People are asked directly about the acoustic comfort of the place (CUP-acous hereafter). This item is assessed using an ordinal 5-point scale. 2. Participants provide a measure of pleasantness relating to the sound environment of the place (SSCpleasant from now). This item is assessed using a semantic differential 5-point scale.
Our hypothesis is that both are different ways to assessment the perceived comfort about soundscape, i.e., we suppose a high correlation between both indices, and both have similar relationships with other factors.
The results presented in this chapter are structured into 3 parts. The first one details the descriptive results of the acoustic and non-acoustic variables, as well as a comparison of the results between the nine areas. The second part involves a correlational analysis using subjective and objective variables. Finally, a regression analysis is made in order to propose an indicator of acoustic urban comfort based on a number of objective variables or objectifiable criteria, i.e., easy access.
Descriptive results
The database contains 120 observations or environmental experiences made by 53 participants who evaluated 9 urban places (areas) in 4 public spaces in Vitoria-Gasteiz. Table 4 shows the mean values of the acoustic parameters measured and calculated for the global sample and for each area. For most of the parameters, significant differences were detected (p<0.05) between areas, except for the max L Aeq,1s and the variable that represents the perceived pleasantness of the second most predominant sound source (non-significant differences).
A notable result is the mean difference between L 10 -L 90 , which is greater than 10 in the three Los Herran areas. L 10 -L 90 is often used to give a quantitative measure of the spread or "choppiness" of the sound (noise climate). When the value of this index is greater than 10 it indicates that the acoustic levels fluctuate a lot, i.e., in general and without taking into account the type of predominant sound, usually associated with less comfort.
The high values of this indicator in place 1 of Olarizu may be due to the proximity of this place to an industrial building and nearby traffic.
The results indicate that the mean values of L Aeq,T , minL Aeq,1s , and L 90 are lower in Salinillas and Olarizu, which are the more natural places. Being quieter, more events are detected in these places, which are mainly perceived as positive. In contrast, in the more urbanised places (Los Herran and Constitución), the mean values of maxL Aeq,1s and L 10 are higher.
In quiet places, or those with a pleasant view, the relationship between perceived positive and negative events (balance) is positive, while the balance is negative or neutral in noisy places. The mean balance between the perceptions of the two most characteristic sound sources is also influenced by the natural characteristic of the places, being clearly positive in the most natural space (Olarizu), and negative in the most artificial space (Los Herran).
These results appear to be ordered around a bipolar factor of the urban versus natural character of the spaces:
1. Los Herran, the most urbanised space, has mean noise levels in the range of 53-62 dBA and the main sound sources are perceived as negative. 2. Constitución, the second most urbanised place, is an urban space with a big green area, and tall, old trees that invite you to relax. In the middle area the sound level is higher due to traffic, but also to the presence of a fountain with water jets. 3. In Salinillas, the second most natural place, the mean sound levels are lower (45-53 dBA), and the balance between positive and negative perceived events is positive, although low. 4. Olarizu is the most natural space. Over a very low sound background there are perceivable events caused by the natural world (birdsong and wind) as well as social activity.
In urbanised areas there are fewer events because the background sound is higher, while in more natural areas more events are recognised because the level of background sound is lower, and additionally the perceived balance is positive.
The urban-natural dimension also means differences in the perception of landscape (LSC), soundscape (SSC) and acoustic comfort (CUP-acous). So, the most positive perception is in Olarizu Park, the most natural space, while Los Herran Street is perceived as the most negative or the least positive place ( Table 5 ). The differences between areas are all significant, except in the perception of vibrancy of soundscape.
These results also influence the activities people would carry out in the space, so all people consider Olarizu a good place to relax in, while Los Herran is only considered good for relaxing in by one in every four participants.
Correlation analysis
The correlation between acoustic variables is shown in Table 6. L Aeq,T and the percentile parameters correlate well (r=0.83 with L 50 ). The correlations are also high between percentiles (L 10 , L 50 and L 90 ).
As mentioned above, in general most of the sound events detected are positive, mainly associated with calm places, when the sound levels are very low. Therefore, there is high positive correlation between the balance of events and number of positive events (r = 0.82).
The total number of events, in this case mostly positive, is related mainly to L 10 -L 90 , confirming the results of other studies. It is also associated with the background level (L90); i.e., lower levels of noise are associated with a higher number of events.
The relationship between acoustic indices and perception factors are lower, as can be seen in the following table (Table 7) .
The pleasantness associated with the main sound source is associated positively with the number of posi- tive events and the balance between positive and negative events; it is negatively associated with percentiles of noise level (L 10 , L 50 , L 90 ). Therefore, low noise levels allowed a greater perception of positive events and this means people found the main sound sources pleasant. L Aeq,T and L 10 are inversely related with the pleasantness of the landscape. In addition, there are significant negative correlations between the naturalness of the landscape and L 10 , L 50 and L 10 -L 90 . All of these correlations are negative, indicating that sound levels reduce the positive perception of a landscape as pleasant and natural, and also reduce the possibilities of undertaking relaxing activities in that place ("use relax").
Noise levels (L Aeq,T , L 10 and L 50 ) also have a significant relationship with the perception of a soundscape as being pleasant, as well as certain other soundscape characteristics such as it being quiet, relaxing, fun and natural. All these relationships are negative, indicating that a good perception of the soundscape is associated with low sound levels ( Table 7) .
The perception of acoustic comfort (CUP-acous) is related to acoustic indices, with L Aeq,T , L 10 and L 50 being the most relevant, while the pleasantness of a soundscape is associated to L 10 -L 90 .
The most remarkable result is the lack of a relationship between events and acoustic perception. Based on the literature, it was expected that there would be a correlation between events and perception of sound environment. However, in our study the number of events and their assessment (pleasant or unpleasant) had no significant relationship with the participants' perception of the place and its soundscape. In fact, the fluctuation of sound levels or noise climate (L 10 -L 90 ) is inversely related to the pleasantness and quietness of the soundscape and the naturalness of the landscape.
Finally, Table 8 shows the correlation between subjective factors, which display a close relationship between the items from the same scale: landscape and soundscape. Other close relationships can be seen between perception of comfort (CUPacous), soundscape and landscape, and also between the use of the place to relax, soundscape and landscape.
The most strongly related variables are those of acoustic urban comfort, and the pleasantness and relaxing character of the sound environment. The first two correspond to the subjective indicator of acoustic comfort.
Regression analysis
Here the data is analysed to identify the variables that best explain acoustic comfort in urban places.
In the CITI-SENSE project, two indices can be used to define this construct: the perception of acoustic urban comfort (CUP-acous), and the pleasantness of the sound environment (SSC-pleasant). As SSC-pleasant correlates well with CUPacous (r = 0.73; p<0.01), and their relationships with other factor are similar, here we consider the pleasantness of the acoustic environment (SSCpleasant) as the index that defines acoustic comfort. Therefore, the following regression analyses use SSCpleasant (hereafter soundscape) as a dependent variable. Table 9 presents the regression analysis by groups of variables.
The variable that best explains soundscape is the congruence between soundscape (SSC) and landscape (SSC/LSC congruence); this accounts for more than 20% of the variance.
Other variables that explain soundscape in the independent analysis are: the highest percentile level (L 10 ) (16.4% of variance), followed by the presence of traffic at the place (12.7% of variance), how pleasant the main sound source is perceived (7.1% of variance), and the acoustic parameter L Aeq,T (4.1% of variance, from now "%vz").
As stated above, the presence of acoustic events has no relationship with soundscape. Table 10 shows the results of the regression analysis with all the acoustic factors as independent variables.
The acoustic factors that account for a significant percentage of variance in soundscape are, in order, pleasantness of the main sound source, L 10 -L 90 , L 50 , and min L Aeq,1s . These variables account for 18.3% of the soundscape variance. Table 11 shows the results of regression analysis with all acoustic and non-acoustic factors as independent variables.
Remember that the aim of the study was to find a group of easily-accessible variables or those that can be quantified as realistically as possible (objectifiable). The variable that best explains soundscape is the congruence between soundscape (SSC) and landscape (SSC/LSC congruence). Other relevant variables are related to the physical characteristics of place, such as the percentage of water (%BLUE), and presence of traffic (ENV_traffic), as well as an acoustic index associated with the acoustic climate (L 10 -L 90 ), which has a significant correlation with the events: r = 0.50). These four factors account for 35.9% of the variance in soundscape. 
Discussion
The main conclusion from the work presented in this paper is the complexity of the acoustic comfort of a place. To explain this it is necessary to focus on both the acoustic and non-acoustic variables of that place and their relationships, making it imperative to integrate an objective perspective into the subjective one. The best proof of this complexity is the fact that the acoustic comfort of a place is best explained by the congruence between the soundscape and the landscape perceived by the user of the place.
To understand this and its relevance to the welfare and health of people and communities it is necessary to look at acoustic comfort in greater detail. Acoustic comfort is one of the dimensions of urban comfort, which is understood as the ability of an urban space to create a pleasant environmental experience for the people who use it, i.e., it contributes to the health of the population. Another conclusion that can be drawn from the results presented is the importance of a place's physical factors, which in the ISO of soundscape is designated as context. It is therefore important to outline a consistent method for defining the non-acoustic characteristics of places. This article proposes the first method that identifies the elements related to the quality of the spaces (maintenance and safety) and presence of nature, both green and blue components, which define the dimension of space and its urban versus natural character. This proposal could be improved in subsequent versions to include, for example, the social dimension of space, which is not part of this first proposal.
Another notable result is the low contribution of sound events to the acoustic comfort of a place, which is surprising because of the literature that supports this relationship. This result may be due to the stronger relationship of soundscape with the L10-L90 parameter, which also reflects fluctuations in the sound environment as well as being related to the number of events. It could also be due to the method that was used to identify events. The influence of events on soundscape will be further analysed in subsequent studies, including a review of the eventdetection method and an analysis of a greater diversity of sound environments and urban spaces.
The results presented in this paper constitute an important step forward in defining an indicator of acoustic comfort for a place to be applied in outdoor soundscape studies and in the analysis of urban noise, based on easyaccess variables (objectives and objectifiable criteria). The pleasantness of the sound environment has been demonstrated to be a good indicator of the comfort about acoustical dimension of urban spaces.
This study has shown how interesting it is to analyse the variables that determine acoustic comfort using databases of simultaneous, in situ, objective and subjective evaluations recorded by the users of the spaces. In this sense, the tool developed in the CITI-SENSE project provides information that could be useful in further studies. Tecnalia will expand this study further by analysing other assessments, and expanding the diversity of urban spaces and soundscapes. It could also be interesting to design controlled experiments to determine the importance of each factor free from contamination by other factors that are difficult to control in field work.
